This study was designed to evaluate treatment patterns in open treatment and percutaneous fixation of distal radius fractures, compare morbidity rates for the 2 types of treatment, and compare costs associated with the procedure and treatment of complications up to 1 year after surgery. From a 5% sample of nationwide Medicare claims records (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009) Percutaneous fixation was associated with lower adjusted risk of carpal tunnel syndrome and release and mononeuritis at 3 and 12 months. The percutaneous fixation group had lower adjusted risk of malunion/nonunion at 3 months and tendon rupture at 12 months. Average charges were lower in the percutaneous fixation group for the index operation as well as for treatment of morbidities at 3 and 12 months. The operative fixation rate for distal radius fractures in the Medicare population continues to rise, with a significant trend toward open fixation. Charges and payments associated with open treatment are significantly higher than those for percutaneous fixation.
D
istal radius fracture is the second most common fracture type in the Medicare population, [1] [2] [3] numbering approximately 85,000 per year. 4 This type of fracture is more common in women because rates of osteoporosis are higher. 5, 6 Approximately 10% of women 65 years old will experience a distal radius fracture in their remaining lifetime. 3 Medicare expenditures for treating these fractures are considerable, exceeding $170 million annually. 7 The optimal treatment of distal radius fractures in the elderly is controversial [8] [9] [10] [11] [12] [13] and includes immobilization, external fixation, percutaneous fixation, and locking and nonlocking plate fixation. Traditionally, operative treatment has been recommended for unstable distal radius fractures in which reduction cannot be maintained with immobilization, 14 although the benefits of surgical management have been questioned. [15] [16] [17] The current study evaluated treatment patterns for open and percutaneous fixation of distal radius fractures in the Medicare population. The introduction and popularization of volar locking plate fixation, [18] [19] [20] [21] with promising results in young patient populations, theoretically transfers well to elderly populations because this technique offers better fragment control and decreased reported rates of malunion in osteoporotic bone. 22 The authors also compared morbidity rates for the 2 treatment types and followed the costs associated with the index procedure and treatment of subsequent complications. Although open treatment of distal radius fractures is more expensive than immobilization, 23 to the authors' knowledge, no studies have directly compared the cost of percutaneous fixation with open treatment in the elderly. 
Materials and Methods
Patients diagnosed with distal radius fractures were identified from a 5% nationwide sample of Medicare administrative claims data (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) Patients who were not enrolled in both Medicare Parts A (hospital claims) and B (carrier/physician claims) or who were not US residents were excluded from the study to limit patients with incomplete health and claims history. Those younger than 65 years who were receiving Medicare coverage were excluded. Patients who had both procedures on the same claim or who had a procedure performed in the office were also excluded to minimize potential confounding effects from undergoing both procedures and from the site of service, respectively. To limit patients with incomplete health and claims history, patients who did not have at least 1 year of postoperative follow-up or claims history in the full 12 months before surgery were also excluded. The authors also excluded patients who had any major orthopedic surgery within 12 months after the wrist fracture surgery to limit confounding effects. These were identified based on the corresponding ICD-9-CM or CPT-4 codes from the claims records ( Table 1) .
The overall prevalence of patients with distal radius fractures undergoing percutaneous fixation or open treatment, before applying exclusion criteria, was evaluated to determine trends in treatment patterns. The mortality rate for the pre-exclusion patients (overall cohort) was also assessed. Each beneficiary's enrollment status and date of death were identified in the annual Medicare denominator files and were used to determine mortality. After application of the exclusion criteria, patients who had morbidities were identified with relevant diagnosis and procedure codes ( Table 2) . These morbidities included deep venous thrombosis, infection, mechanical complications, malunion/nonunion, newly diagnosed mononeuritis, newly diagnosed carpal tunnel syndrome, pulmonary embolism, cardiac complications, reoperation with subsequent fixation, newly diagnosed wrist and carpus enthesopathy, newly diagnosed tendon rupture, newly diagnosed contracture, newly diagnosed wrist osteoarthritis, newly diagnosed late effect of tendon injury, and hemorrhage/ hematoma/seroma. Newly diagnosed morbidities were defined as those that were not present in the 12 months before the wrist fracture surgery. The incidence of postoperative carpal tunnel release and carpal tunnel injection was also evaluated. The cumulative incidence of these morbidities was evaluated to 1 year after surgery.
A subgroup analysis of patients who underwent open treatment was also performed to compare the morbidity risk for patients with extra-articular and intra- Treatment charges and reimbursements (Medicare payments) associated with the index surgery were determined from the claims data. Additionally, subsequent charges and reimbursements from claims associated with treating morbidities through 1 year after the index surgery were also evaluated ( Table 2) . Charges and reimbursements were converted to January 2011 dollars using the relevant consumer price index for medical services.
Multivariate Cox regression (adjusted) was used to compare the morbidity risk after percutaneous fixation and open treatment. Covariates for the analysis included age, sex, race, census region, socioeconomic status, comorbidity, site of service (inpatient/outpatient), type of fracture (open/closed), year of procedure, and treatment (percutaneous fixation/ open treatment). The general health status of each patient was determined using the Charlson comorbidity index and categorized according to overall degree of comorbidity as follows: 0 (none), 1 to 2 (low), 3 to 4 (moderate), and ≥5 (high). 26 These ratings were based on comorbid conditions in the 12 months before the index surgery. The year 1997 was used to determine health status in the 12 months before the index surgery for those operated on in 1998; therefore, only procedures performed from 1998 to 2008 were considered for this study. Patient health status was also evaluated based on the presence of 14 specific conditions in the 12 months before the index surgery ( Table 3) . Each patient's Medicare buy-in status was used as a proxy for the patient's socioeconomic status because this information identified patients whose Medicare premiums and deductibles were subsidized by the state because of financial status. Socioeconomic status was also based on per capita income for the county of residence for the beneficiary, which is provided in the Medicare data. Treatment charges and payments were also compared between treatment groups using a general linear model, accounting for the covariates described earlier. Hip fracture 820
results

A total of 17,993 percutaneous fixation and open procedures with a corresponding diagnosis of closed or open distal
Hypertensive disease (including arrhythmias, ventricular hypertrophy)
401-405
Ischemic heart disease (including coronary artery disease)
410-414
Other heart disease (including acute myocarditis, conduction disorders)
420-429
Pneumonia 480-487, V12.6
Pulmonary heart disease 415-417, V12.5 For the overall cohort, the mortality risks at 3 and 12 months postsurgery were higher for the percutaneous fixation cohort than for the open treatment cohort (Figure 3) . At 3 months and 12 months, the mortality risk was 1.7% (95% confidence interval [CI], 1.4%-2.0%) and 5.5% (95% CI, 5.0%-6.0%), respectively, for the percutaneous fixation cohort and 1.3% (95% CI, 1.0%-1.5%) and 4.3% (95% CI, 3.9%-4.8%), respectively, for the open treatment cohort. However, after adjusting for the covariates, the mortality risk at both time points was similar between both treatment cohorts (3 months, P=.871; 12 months, P=.374).
For the study cohort, the percutaneous fixation group was found to have lower adjusted risk of newly diagnosed carpal tunnel syndrome, carpal tunnel release, and newly diagnosed upper-limb mononeuritis than the open treatment group at both 3 months and 12 months ( Table 5) . At 12 months, the adjusted risk of newly diagnosed carpal tunnel syndrome, carpal tunnel release, and newly diagnosed upper-limb mononeuritis was lower by 35% (adjusted hazard ratio, 0.65; 95% CI, 0.53-0.78; P<.001), 57% (adjusted hazard ratio, 0.43; 95% CI, 0.33-0.57; P<.001), and 34% (adjusted hazard ratio, 0.66; 95% CI, 0.55-0.79; P<.001) for the percutaneous fixation cohort. In addition, the percutaneous fixation cohort had lower adjusted risk of malunion or nonunion at 3 months and newly diagnosed tendon rupture at 12 months. However, the percutaneous fixation cohort had a 44% higher adjusted risk of mechanical complications at 3 months (adjusted hazard ratio, 1.44; 95% CI, Treatment charges and payments for the initial surgery as well as the initial surgery plus treatment of morbidities at 3 months and 12 months postsurgery were significantly lower for the percutaneous fixation cohort ( Table 6 ). Adjusted treatment charges and payments were approximately 35% and 25% lower, respectively.
discussion
The optimal treatment of distal radius fractures in the elderly continues to be controversial despite the large body of literature on the subject. [8] [9] [10] [11] [12] [13] With increasing patient age and fracture comminution there is increasing fracture instability and likelihood of loss of reduction with nonoperative treatment methods. 5 Cast immobilization of distal radius fractures in this population leads to loss of reduction and radiographic evidence of malunion in more than 50% of cases. 5, 6 The decision to intervene surgically for distal radius fractures in the elderly is often made based on probable or demonstrated instability and displacement, and this population is unlikely to benefit from re-reduction and further cast immobilization.
14 Although formulas can predict early or late fracture instability in elderly patients with distal radius fracture, 5 the effect on outcomes is more difficult to predict. Anatomic restoration is more closely associated with subsequent function and n Feature Article pain levels in younger populations. 27 The need for restoration of normal anatomy is less defined in elderly patients. Numerous studies have reported that good functional results can be achieved in older populations with distal radius fractures despite residual deformity after treatment. 5, 6, 17, [28] [29] [30] [31] [32] A recent randomized trial of outcomes at 12 months showed no difference with volar locking plates or nonoperative management; however, grip strength was improved in the group treated with volar locking plates and better Disabilities of the Arm, Shoulder and Hand and patientrated wrist evaluation scores were noted in the very early postoperative period. 17 Other studies have recommended open reduction and internal fixation in the elderly, based on their results, but the number of subjects was small. [20] [21] [33] [34] [35] The current study showed a trend toward operative intervention, with the rate nearly doubling during the 13-year study period (increasing from 44.7 to 82.0 surgeries per 100,000 persons). Additionally, the authors identified a clear trend toward operative intervention with open treatment. Previous studies showed an increasing trend toward operative intervention for distal radius fractures in all age groups, including the elderly. 4, 36 Treatment has been shown to be dependent on the region and the surgeon. [36] [37] [38] Introduction of the volar locking plate led to a dramatic shift in the treatment of distal radius fractures, especially among younger surgeons. 36 A recent study by Chung et al 4 showed a greater than 5-fold increase in the likelihood of open reduction and internal fixation for the treatment of distal radius fractures in the Medicare population from 1996 to 2005. Among all Medicare patients undergoing operative intervention, the current study showed a nearly 3-fold increase in the percentage of those undergoing open treatment during the study period (25.5% in 1998 to 73.4% in 2008). The reasons for this increase are not entirely clear; however, certain surgeons perceive lower complication rates, better function, and increased patient satisfaction with open reduction and internal fixation. 19 Chung et al 39 suggested that elderly patients and younger populations see similar benefits with the use of volar locking plate fixation for the management of inadequately reduced distal radius fractures.
Age has been shown to be the most important variable in determining whether operative or nonoperative management is appropriate, with advanced age more predictive of nonoperative management. 37 In the current study cohort, advanced age directed treatment toward percutaneous fixation. Previous studies showed decreased rates of internal fixation with increased patient age. 38 This may be the result of reluctance to pursue more invasive treatments because surgical risks increase and functional demands decrease with age.
Volar locking plate fixation offers several theoretical advantages, including better fracture stabilization and prevention of collapse that often occurs in the setting of osteoporotic bone. 5, 6 Although small, the increased incidence of nonunion and malunion with open treatment in 1 study cohort 5 is somewhat surprising and is contrary to previous reports that showed excellent radiographic parameters and union rates with open treatment. 17, 21, 33, 39, 40 The Medicare database does not allow discrimination between the 2 diagnoses. Therefore, it is not possible to determine the number of nonunions or malunions. It is possible that malunion is more likely to be diagnosed and documented in the open treatment group because it is perceived as less likely to occur or that it is documented when the patient is symptomatic as a result of hardware irritation or other complications related to surgery. Asymptomatic malunion and nonunion may go unreported in either group.
When directly comparing the results of percutaneous fixation with open treatment of intra-articular distal radius fractures in patients in whom acceptable closed reduction could not be achieved, open reduction and internal fixation offered superior results; however, this population averaged 42 years of age and did not include those older than 60 years. 18 A recent metaanalysis comparing open and percutaneous fixation also showed better outcomes with open treatment, although the population was not limited to the elderly. 16 A systematic review of the treatment of distal radius fractures in the elderly did not show a benefit of operative treatment compared with cast immobilization. The greatest proportion of major complications requiring reoperation occurred in the open treatment group, and 18 of 32 reported complications were listed as tendon rupture or adhesion. 22 The current study cohort also showed a statistically significant increase in tendon rupture with open treatment at 3 and 12 months after the index operation.
In the current study cohort, patients undergoing open treatment showed an increased likelihood of new carpal tunnel syndrome at 3 and 12 months (4% and 6.9%, respectively) as well as an increase in treatment with injection or surgical release. Previous studies of distal radius fractures showed an increased incidence of carpal tunnel syndrome with increased dorsal angulation 41 and with volar plat- ing, although published rates vary widely (0%-25%). [42] [43] [44] [45] [46] [47] Retraction of the median nerve during surgery, hardware irritation, or scar tissue as a result of the volar approach may contribute to the increase in carpal tunnel syndrome in these patients.
The cost and rate of complications associated with open treatment have been shown to be higher than those with conservative management because expensive implants are often used, anesthesia is required, and the procedure itself is invasive. 23 To the authors' knowledge, the current study is the first to show higher costs associated with open treatment and subsequent complications compared with percutaneous fixation in the elderly. The authors' data also showed a slightly increased likelihood of percutaneous fixation over open treatment in the lowest per capita income groups and those whose Medicare premiums were subsidized by the state. 37 There are limitations to this study. The authors were limited by the accuracy of the data in the Medicare database in this retrospective study. Although a large proportion of distal radius fractures in the elderly are a result of low-energy falls, no information was available about the mechanism of injury, severity of injury, fracture pattern, or effect of those variables on the choice of surgical intervention and subsequent complications. Fracture pattern and severity have been shown to affect outcomes in distal radius fractures. 48 It is possible that patients with more severe distal radius fractures were more likely to undergo open treatment because this method may be presumed to be superior. In this case, the complication rate associated with that form of treatment may be artificially increased. Although the Charlson comorbidity index can be used to compare medical comorbidities, it may not be an accurate surrogate for patient functional status or expectations, factors likely to affect surgical management decisions. The current study is also limited in that it cannot take patient treatment preferences or clinical and radiographic outcomes into account. Follow-up of only 12 months is less likely than longer follow-up to identify subsequent arthrosis of the radiocarpal joints, which may affect outcomes. With the recent interest in volar locking plate fixation, it is inferred that this enthusiasm is a factor in the increasing trend toward open fixation. However, the database did not allow the authors to determine exactly what implant type or surgical approach was used. Similarly, percutaneous fixation includes Kirschner wire fixation with or without spanning or nonspanning external fixation. The database did not allow differentiation according to the type of percutaneous fixation method. With the increasing elderly population and the increased trend toward treating distal radius fractures operatively in the elderly, overall expenditures in the Medicare population are expected to increase if current trends continue. Surgeons must consider cost in the treatment algorithm for the management of displaced distal radius fractures in the elderly. Further studies are necessary to determine which patients are more likely to benefit from operative treatment and which intervention is appropriate.
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